The effect of soybean meal, feather meal and hair meal on dry matter (DM), energy and nitrogen (N) utilization by growing steers was evaluated in three metabolism studies. Feather meal (FM) and hair meal (HM) protein were substituted for 25, 50 and 75% (Exp. 1, 2 and 3, respectively) of the soybean meal (SBM) protein in pelleted protein supplements and fed in whole-shelled, corn-ground corncob complete mixed diets. Rumen and blood samples were collected at the end of each study to compare the effect of each protein source on rumen ammonia and plasma urea nitrogen concentrations. There were no significant differences (P>.05) in DM digestibility or digestible energy (DE) values were higher at all sampling times in steers fed SBM, although these differences were not significant (P>.05) in any of the experiments.
Introduction
Keratin proteins are characterized by their indigestibility when fed in a ground, unhydrolyzed form to nonruminant animals (Mangold and Dubski, 1930; Moran et al., 1967) . Hydrolysis of chicken feathers and hog hair greatly increases the digestibility of these proteins by poultry (Moran and Summers, 1968) , although feather meal (FM) and hair meal (HM) appear to induce amino acid deficiencies when incorporated into nonruminant diets at high dietary levels (Combs et al., 1958; Moran et al., 1966) .
FM and HM have been tested as protein sources in ruminant diets (Thomas and Beeson, 1977; Jordan and Croom, 1957) . The purpose of this research was to examine further the utilization of DM, energy and N from these protein sources in growing steer diets.
Experimental Procedure
Experimental Treatments. All diets were formulated to be isonitrogenous and isocaloric. FM and HM protein replaced SBM protein in pelleted protein supplements and were fed in whole-shelled, corn-ground corncob complete mixed diets in each of the experiments. Ground corn was added to the FM and HM supplements to adjust the protein levels. Purdue Supplement A, in which 90% of the supplemental protein was supplied by SBM protein, was utilized as the control supplement in each of the experiments.
The Metabolism Studies. A switchback experimental design (Lucas, 1956 ) involving two blocks with three periods and three animals per block was utilized in each experiment. Six Hereford steers (average initial and final weights of 340 and 380 kg) were used in Exp. 2, and six Angus steer calves (average initial and final weights of 241 and 281 kg for Exp. 1 and 314 and 354 kg for Exp. 3) were utilized in Exp. 1 and 3. Each test period consisted of a 14-day feed adjustment followed by a 7-day collection period. The steers were placed in metabolism crates during the last 10 days of the test period for a 3-day adjustment to the crates followed by the 7-day collection period.
Steers received fresh water and feed ad tibitum. Weights of feed and feed refusals were determined once every 24 hr, and samples were composited for analysis. Total daily urinary output was collected and measured in a plastic bucket containing 100 ml of a 17% hydrochloric acid solution. A 5% aliquot (by volume) was taken daily, added to a composited sample and frozen. Total feces were weighed daily, and a 5% sample (by weight) was taken, composited and frozen.
Composited feed and fecal samples were dried to a constant weight at 60 C for 48 hr, ground in a Wiley mill and sampled for laboratory analysis. The composited urine samples were thawed, and urinary N was determined on the liquid samples (AOAC, 1970) . Feed and feces samples were analyzed for total N and DM (AOAC, 1970) and for gross energy in an oxygen bomb calorimeter.
Statistical analysis of the data was conducted according to the procedure reached by Lucas (1956) , with significant differences among means determined by the Newman-Keuls sequential range test (Keuls, 1952) .
Rumen and Blood Sampling. Rumen and blood samples were collected to determine the effect of the protein sources on rumen ammonia and plasma urea N concentrations. Two steers were sampled per diet in each experiment. Each animal was fed 4.5 kg of its respective diet on the morning of the sampling date. All diets were readily consumed at 1 hr postfeeding.
Twelve milliliters of blood were collected into heparinized syringes via a jugular vein puncture at 2, 4 and 6 hr postfeeding. Blood plasma was obtained by centrifugation at 17,000 • g for 20 minutes. Plasma urea N was determined on the supernatant by the modified methods of Bentzkow and Masen (1942) and Somogyi (1945) . Approximately 100 ml of rumen fluid were aspirated via a stomach tube from each steer at 1, 2 4 and 6 hr postfeeding, strained through four layers of cheesecloth and immediately frozen (-40 C). The Conway (1957) microdiffusion technique was used to determine ruminal ammonia concentration.
Statistical analysis of the data was according to the procedures of Anderson and McLean (1974) , with significant differences among means determined by the Newman-Keuls sequential range test (Keuls, 1952) .
Protein Solubility Analysis. Each protein source was analyzed for protein solubility in a 10% solution of Burroughs mineral mixture (pH 6.5) as described by Wohlt et aI. (1976) . Analyses were conducted in triplicate. A sample of feed was incubated in a shaker bath with a ratio of 25 mg feed N/100 ml solvent at 39 C and filtered through Whatman No. 41 filter paper. The filtrate was then analyzed by macro-Kjeldahl procedure. Statistical analysis was conducted according to the procedures previously mentioned.
Results and Disscussion
The compositions of the experimental supplements, diets and protein sources used in these studies are given in tables 1, 2 and 3, respectively. Dietary crude protein levels were slightly in excess (by approximately 20%) of NRC (1976) recommended levels for the type of cattle used in these studies (table 2) . DM, energy and N utilization data for the three experiments are shown in tables 4 and 5. DM intakes among the three experiments were similar, averaging 6.27, 6.37 and 6.61 kg per head daily (table 4) aDetermined in a 10% solution of Burroughs mineral mixture (Wohlt et al., 1976) .
( Thomas and Beeson, 1977) fed SBM, FM or HM in quantities supplying from 12 to 35% of the dietary protein in diets containing from 40 to 95% concentrate. Feed refusals did not occur in these studies when animals were abruptly switched from the SBM control diet to the FM and HM diets. Daugherty and Church (1978) also reported no feed refusals when steers were fed 40% roughage diets containing 6% FM. The method of feeding FM and HM undoubtedly plays a role in the acceptability of these two sources of protein (Thomas and Beeson, 1977) . Other workers reporting feed refusals and adjustment periods required when these two products were fed did not indicate the method of feeding (Rakes et al., 1968; Kennett and Bull. 1972 ).
Digestible energy (DE) values observed for the treatments within each experiment were not different (P>.05). Other workers have reported similar GE digestibilities in sheep (Daugherty and Church, 1978) and cattle (Thomas and Beeson, 1977) Daugherty and Church (1978) and Huston and Shelton (1971) reported lower N digestibilities for lambs fed FM or HM than for those fed SBM. Literature values reported for the digestibility of the N contained in FM and HM (calculated by difference) range from 50 to 75% (Huston and Shelton, 1971; Wilder et al., 1955; Thomas and Beeson, 1977) . Urinary N excretion data, when expressed as grams per day and as a percentage of ingested N, exhibit less (P<.05) urinary N excretion by steers fed FM or HM in all three experiments (table 4). These results agree with those of Thomas and Beeson (1977) .
Retained N, expressed as grams N retained and percentage of dietary N retained ( In an attempt to compare the three experiments in this study, N balance data were expressed on a metabolic weight basis (table 5) Thomas and Beeson (1977) reported rumen NH3-N and plasma urea N values which tend to agree with these results.
The percentage soluble crude protein of each of the protein sources is shown in table 3. SBM contained more (P<.05) soluble crude protein (13.4%) than did FM (5.3%) or HM (7.5%). This difference may be the reason for the higher fecal N excretion seen in aniamls receiving FM or HM versus those receiving SBM. No explanation can be given for the slightly higher solubility of HM versus FM.
The amount of soluble N in a feedstuff is related to the degradability of that feedstuff in the rumen (Crawford et al., 1978) , although solubility may not accurately predict the extent of ruminal degradation that occurs. Rumen NH3-N values obtained in these experiments suggest that SBM is more rapidly degraded in the rumen that is FM or HM. The extent of ruminal degradation cannot be ascertained from this work, although higher fecal N excretion seen in animals receiving FM or HM may suggest a greater bypass of these protein sources than of SBM. Differences in the rate and (or) extent of breakdown of protein in the rumen would be expected to produce differences in the ratio of microbial to undigested feed protein presented to the lower gut of the animal (Wohlt et al., 1976) . Significant differences in absorbed N retained were observed among the three dietary treatments, particularly when compared on a metabolic weight basis.
These experiments have indicated that FM and HM can replace up to 75% of the SBM protein without a decrease in DM, energy or N utilization in diets that exceeded NRC recommendations by approximately 20%. The basal diet fed to animals receiving FM or HM appears to determine the efficiency with which these proteins are utilized. Feedlot animals receiving corn silage with either high-moisture corn or cracked corn and supplements containing SBM showed consistently more efficient gains than did animals receiving supplements containing FM or HM (Wray et al., 1978) . Feedlot steers receiving high-moisture ground ear corn and one of the three protein sources exhibited no differences in efficiency of feed utilization. The rate of carbohydrate breakdown or the level of soluble carbohydrate in the diet has been shown to affect N utilization by ruminant animals (Walker and Lichtenwalner, 1977) . More extensive studies are needed to compare the rate of ruminal degradation of feed protein and carbohydrate fractions to achieve the most efficient method of feeding ruminant animals. 
